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()~rclittot CorItlr)l  Sta(i(Ml

●  .SLI]tcI  vised  ALIIOII(JIIIy
● IIllcrac.live. l’ctcc~tion
●  ln[clac~ivc Manismlatiml

‘1’llt$syste)li arcllitccturcis sllr)wrlil)  l’ip,uw  1 .
‘1’] Ic]oc;I1 sitc~,cllc]at.m collll[larlds  arid col[llilarld
SU]IICIICCS  wllicll  aIc wlificd  for safe’ty and thcl I
sc]lt foI cxecutioll at t,l Ic I(,IIIOLC  sitv. ‘III(’ Ic-
]Ilot(,  si~(> 2iIIt{IIIC  )IIIC)IISly  cx(wutcs  tllc COIIIIIIa  11(1 S
aIId (oIIIIIIalI(l  s(qucIIccs a]i(l sclI(ls  I)acli ])cliodic
staius illfolrI]atioll  to tlIc local  site. ‘1’liis  alcllit(w
turc  al lows cc)lll]~llt2\tic)Ilally  illtcllsivc  tdsli l)lalI-
IIill{!,  alI(l  vjsualizatioll to rcsi(lc at tlIc loca] sit(,
M’l ICI-C m)li])utatiollal  ]m~rcr is relatively illcx]wll-
siv(’.  ‘I’llclclllc)ic  site[lc)csl lot lc(jllilc:t  lltc)llc)lllo~ls
lcas(~llillg  otllel  tlIa II lnoliitorillg  f o r  coll(litio]ls
s]jwifi(d ill tlI(!t ask col Ill Ilal I(ls as s])(~cifiwl  l~y illc
]ocal  site.

‘1’IIc  ]Ial)cr  is orgalli~.d  :is follows. ‘J’IIv  local
site systcIII  is (lwc Iil)c Kl ill $ktioll  2. ‘J’11(’ ICI IIOt C

site systmn is dmc]il)d  ill $cctio]l  2 aII(l  co]lclll-

sio]ls  alc  ~,ivctl  iII Swtio]l 4 .

2. lmcal  site

‘J’lIc]ocal  site’ ()])c’rzit[)Ic (]lltlc)lst:\tj c))lllast\vr)
]Jrjlllaly})alts:  ])c’lcc])tioll  alI(l  IIlalli])ulalioll.  l’Cr-
cq)tioll ])mvi(lcs aII illtelacti\’(>Ill  calls fol-lIlc )(l(’lillg,
tllc mIIote  site scmic. Malli])ulatioll ljmvi(lw ill-
tcractiw tdsli dwcriptioll,  silnulatic)li,  ditinp,, alId

cxccutioll. ~klitral  tc)tllc’c )l)cr:itc)lil  ltclf:iccis  tlIc
kllmvk(lg(! krsc whic]l  II O1(lS  infollniitioll 011 III(I

state of tllc local  aII(l 1( ’I IIotc site systcv[ls  aII(l  II Ia -
lli])ulatioIl  alId ]Icrc(i])tioll  (lata. ‘] ’]1(! llldhO(](dC)F,~
c) ftllc’lc)cal-  )e]l)c)tc’syste]ll  istohuild  and silnulate
IIlalli])ulatioll  aIId scIlsillf,  colrlI[larl(ls  at the lcKal
(p,rourlcl) site usi]lg a IIrdcl of  tllc *ol)ot  arid i t s
ellvimllilclltj  stored  in tllc liIIow]dF,c base,  whic]l
lIas lKWI updatd aIId vali(latd  with fdkck  sclI-
soIy (lirta.  Silllulatiolls detect  mrors  suc]t as kitl(l-
IIlatic alI(l ?,wl[lctric  mIlstraiIlt  Viola tic)]ls. sNc-
cwsfully silllulated coIIIIIlal Ids lIIay I)e scllt  to tl~c
l(tlll(~tc Si((’ foI Cx(,cutic)ll. ‘J’l Ic illtclfacc  hctwwll
tllc local illl(l Icrll(jtc  sit(~s  is  data (Ilivcli  illtclj)r(’-
tiv(’collll  llall(lsf  olllc)lllill:ll”  taslicxwutioll  aII(l fol
ICfl CX ii(ti 011  S to rl]o]iitor  e\’cIIts.

‘J’IIc o]wlatol Colltlo]  stzitioll is IIostc(l  0 1 1
a  Silicorl  (;ra]jllics  lltl  S 310  V(; X l ’ o w e ]  S(vim
wwIlistat ioIl) cquip]w(l  w’itll  a 6 axis s])accl)iill  ill-
l)IIt  dcvicc, aII(l }vitll l)(; l) sllllttcl(d  g,lasscs for
3-1) ste)(w view’illp,t AII a(l(litiollal  X tcIlnillal
SC ICCII CaII IJC use(l, if (lcsi Ic(l, to IIost tllc (;la})lI-
i(iil lJSCT- l]ltcIfacc  ]~’ill(l(m’s,  (II t}lcy IIIaY also lIC
IIoste(l (III tll(’  S(;1. ‘J’IIe  local site softwareis wlit -
t(,ll  ill {;, lltilizirl~,  X IVill(lows,  h4(jtif,  tllc 11/1S
IIlvelltol ~ra])llics  ]Jro(luct, alI(l a slIIall ]iblaly  of
X IWwlllcc  lIIalIagcl (xt(~llsiolls  called  tllc}l’idp,t’t
(;]ratio]l  l,il)rary, (lcvclr)])cd at J])],.  ‘J’]IG SyStCIII

])]()~’idw Irjc}vs  flo]ll  llilllti]~lc  vi(lco  car Ileras ill-
cludill?,  a stem) view f o r  (lc])th  jwrcq)tioli.  3-1)
p,ra])llics  i s  ovcrlayd  olito lmt]l  tile stereo  vi(lco
views  aIId tllc II Iol Ioc IIlar vi(lw  views ill wircfralnc,
tlalls]):ir(,ilt, or solid. Also, l)y disl)layiIlgollly  tllc
?,la])hir’al  111[)(1 [’1, tllc sccIIc CaII 1)(’ vicwml  fml[l  al-
I)itlaly view’]~oillts. (;urrult]y,  video ilIIagcs irlc

cal)tu]cd  a flalnc  at a tilllc. IIcal-tillle  Vj(lcocal)-
turc (0111(1 I)c ill CC)l-]){)l’ilt  O(l, l)ut  it is ]Iot llcC[’SSal’~

aII(l  it llli~,llt IIOt I)C iivailablc  ill a flif,  ht systcln.

‘J’]Ic ilitclacti~fc  })clcc})ti(jll  II IO(]U]C }Jl(n’i(lw
tll(’  al)ilily  to  ll])(lilt C tllc ]IIO(lcl  o f  tllc Iclllote
(Illvil(]l]lll(,llt, (~urIcIItly,  a ~,la]~llical  gcolll(>trjcal
IIlodcl  of tllc Scene, Ic})lcs(’llt. iIIF, tllr IIlo(lcl(’(1 ])()-
sitio]l  of tllc ol~jecis,  is ovcllaycd  olI tllc Vi(lw iln-
ap,cs, ‘J’11(1 o]wlator  calI  lIImIC the ?,colnctrjcal  pc)-
sitio]l  of  tllc ol)jects  ill tllc’ sce IIe, alId sil[lultallc-
ous]y all cllildrcn  of that ol)ject,llsilif,tllc’fi  l)olI”
sl)ac(,l)all  ill])llt  (levicc. ‘J’IIc o])eriitc)r  II IOYCS tile
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g]a]jhical ohjccts  ulltii t h e y  overlay pI-C}IWrly  olI
tllcvidcoilnages  toll] )clatct  licg,cc)lllctric  ]~cmitioll
o f  tile ol)jwts. Ivlachillc visioli  cc)uld  I)c used tc)
ICfilic the lncIdcl of the task  Cllvimnr[[cltt,  lIut }iis
lIas IIot ye t .  hCCII iln])lclncuitul.

‘1’}Ic il[teractivc  task descr;~)tirlll  alId execu -
tio]l l)art of tlic gra})hical  user interface is calld
the US(,I hjacro lntcrfacc (Uh41) and is aII mdu-
tio]i of aII eallicr  o]xva.tc)I- illlm face [6). ‘J’IIc  F,oal
oftllc illtclactive  task descli])tioll ])alt of tllc]ocal
sitc~ itltclfa(c  is to lIIake task dcscri})t,  ion, verifica -
Lioli,  aII(l  cxwllt;ol)  as siln])lc a s  ])ossil)lc  to tllc
(I]wrator, ‘J’his  is  achimd  l)y ]Jrovidillg  t h e  ol)-
crator wit]l  a lil))ary of s k i l l s  wl[icll  tllc relllotc
ltlal}i])lllato~s  can ])erfolrl). Skills arcgcllclic  II IC)-

tic)ll  ty]ws,  (’.!;> {~~lar{lc{l-h40tic)ll,  hfo\’e-rJ’o ‘1’OIICII,
IIi}lp,c,  Slide, Screw, IIlscrt,  l,cvcl, alId l’usl I (silll-

iliir  10 II Iacr(Js of  aII eallicl systcl II [ ( i ] ) .  I\’l IclI
l)aralll(~tcljy,c(l , ii skill I)wc)lnes  a CC) IIIIIIaII(l  wllicll
CaII I)c sclit  to tlIc rullc)tc  s i t e  fm cxecutio]l  of
a  sj)rcific task. ‘J’]Ic  ])aral~~ct(~tizatioll  for ii s])(I-

c.ific  skill will dq)el Id u])on tllc tod-ol)jcct ])ail it
i s  IISU1 fol. 1’0] cxaIIIl)le,  ill tile mll)lllalld “l11-
s(’rt. oltl J.lllto_St. o\\ ’l)ill’) tllc illscrt skill is usd,
I)ut tllc }):~ralllctcliy,;itic)ll  i s  s})ccific  to tllc tool-
ol~jcct,  l)air  O1{ll-Stowl  Jill. l’:ilalll{’tc’lizaticl][  ill -
cludm lmtll  cxccutio]l datasucll  as inscltioll force
aIId iln])dallcc  ]mlalllctcls  aIId tcl-rnillatioll  mll -
ditiojls  SIICII  as tilllc, force, or distfillce.  ‘J’JIc ski l l
])alalil(’tclizatic) llfc)lato ol-ol~jc’et” ])aircalll)c])ro
s~)ccifid  ill tllc interface  frolIl  dcsifyi  d a t a  01 ill-
])ut I)y tlIcI  o])vratc)r,  aIId i s  stored ill tile kilowl-
cdr,cl)asc.  Aftc’1-  tllc})arall~c!terizatic)  llfc)l  tllctool-
ol)jcct J)air is Clltcrcd ill tll~  kIIowld~c  IIa SCj it is
autolll:itica]ly  avail  al)]e  wlIerI tlic tool-  o})ject  ])air
aIId skill iirc sdcctcd.  ‘J’l Ic! a])])roac]I t,l IcIIcfo Ic al-
low’s tllc ol)crator  tc) input  data  into tile lilIoJvl-
cd!,c  I)asc to l)c IIsrd later to sirn])]ify  futllrc  task
descri])tioll  alId velificatioll. All skills or oIIly s[l-
lwted  ski l ls  calI 1)0 availal~lc  to tllc o])rlator for
a F,i VCll td-[)l)jcct  ])ai~. ‘Jb si]n])lify task  mw-u-
tioll, s})wific skillscalll)c:lssiglle(l  tc)s})ccific.  too-
ol)ject  lmirs. ‘J’IIuI  WIICII cmitiIlg  a future  task,
t}lec)})cratc)rolll~~l[as  tc)c.?tcmsefrolrl  t}lctrcducd,
a])])lo])riatc, list of skills. It lnay eventually  lJC
])ossi})lc  for t]lc o])cratc)l  to llsc tile Sra])liical  cll-

v;mIiIri(>fit  to s e l e c t  tc)ol-ol)jwt  ])airs aIId t)le~) t))e

a])}~m])liatc  ski l l  cc)uld Iw autmllatically  sclcc.tcd
if cnougll cc) Iltcxt i)lfmlIlatic)Il  is avail  al)lc.

{k)l II IIlalIds  aIld squelICc*s  of cc)lnl[lalids  call
I)e iIitcractivcly  bu i l t  alId saved as a new IIaIIIMl

colnlnalld,  (’.!;. “lllsc’rt.  ol{ll-llItc).St  c)l\’l)ill’” , aIld
tlle[l  latel-  rwcallecl  for siInulatioIl  (to elIsurw t h a t
tlIc })c)ssil)ly  clIalIgd l o c a t i o n s  of tllc 01{11 aIld
stourl)i  Il ill t]lck Ilo\\r]c(lge  l)ase(lc)llc)t  causccrrors)
aIId exccul ion at t}Ic ]c]l)otc  site, lkicl I coI[llllalld
ill a C{) II II IIa II(l se(]ucncc  illcludcs  })a IaIII(’tr  Is for
va r ious  IIlollitol”s  alI(l ])araln~ters  to s})wify w’llicll
IIlollitol conditions  aw accq)tal)lc  COIIIIIIii  IId tcl -
IIlillatioll  coliditiolls. I f  t}lc ICIIIO(C  s i t e  systeIII

terlnillatcs  a COl II II IaIId OII al I accq)tab]c  IIloliitor
C\rCIIt, tllcll tlIe IIext COIIIIIIal  Id of t.llo scqucIIcc  i s
cxccutd.  O[hcrw;se,  a reflex actioIt  is autol{iati-
cally cxecutd  I)y tlIe ICI IIOtC  site systeIII.

‘J’]Ic IGIIIOte  sit(, ]Ias a jjxc(l soft\ va)c S~StCIII

v. fitll task cxeclltic)Il  I)cll:ll’ic)l(  lc])ell(lcl)t OII tllcl)a  -
IalllctcrizatioIl  flolll  tllc local  site. hlulti])le corl-
tlol Sollrc(’s  call [’xcclJte  COll CU1’J’Cllt]~  wit]) th(’ l(!-
Sultallt lilc)tioll  o f  tllc’ CO II Cll  IJCIlt l)cllaviols  ]) J{)-

vidill!; tlIc task cxwutio)l. ‘J’IIc local site thclc-
folos])ccifics  tllc])alalt)(’tclizatioll  forcach  c) ftllc
wlllotc  site l)cllaviors so t}lat tllcil  collective l)c-
liav;c)r will ])crforl[) tllc d e s i r e d  task, ‘J’hc local
s i t e  a l s o  ])al; illlcterizcs  reflex actions  at. tlIc Ic-
IIlote site \vllicll  arccxcc IItd \vl IcII IIlo]litorevc)lts
arc detectd  a{. tllc rmllotc.site. l’ka TII])lcs ofilldi  -
vidua]  Ie]llotcsit,c  l)cllaviors  and lllo~litols  illcludc
fol cc collt  rol, trajectory gcllcratioll,  joiltt lilnit aIId
sillgulality  a~’oidallcc, folcctlllcsllold  lnollitc)ri][g,
joi)lt  lilt}it ltlollitorillg, aII(l  t a s k  s})acc  tlackill!;

IIlollitori]lg.

3. I{ CmOiJC Siie

\Tatious a])~)Ic)ii(’llcst C)])lc)/,lalilll  lill/,all{l  cr)ll -
tml  o f  tclclol)otic  systcllls lIavc l)ccII ])ro~)oscd;
cacl I ])lovidi]ig  a solution for a class of mbc)tic  sys-
tcllls.  ‘1’IICSC a])pmac)lcs iIlcludc  c]iviro]llncljts  fo r
])lc)p,[all)li)illg  IImV a])~)licatio~ls  alId laJIguagcs  foI
F,(’llN”il]  ])111’~)[)SC  S~StClllS. ‘J’lIc rc]notc site ml~ot
coIIt Iol sJ’stell]  desclil)rd  ill t h i s  ])aI)cI, tile Mod-
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IIlaI ‘J’dc’rc)tmt  ‘l’ask l<;xwution  System (h40’1’l(X)
[7], ut,ilizcs  a cOInmalld jlltq)rctcr.  ‘1’hc  collllnalld
illter])mt.er is a lilnited  robot lal)guagc which jJro-
vidcs co]l)lna]ldi]lg of concurrent  colltm] froln dif-
ferent  colItlol lIIodules.  ~’llc]jcrlrllltatiolls  c)fcc))l-
trc,ll[lc){llllc  l)c’llavic)rs  are.tlIelI available totlIclo
cal site. ‘1’his lIIdhod  allcws a fIxcd flif,ht software
systcIII  toljrovidc  alvi(lc  lallp,c  c) frol)otcc)lltrc)l l)c-
11 avior. Also,  th[’ ccnnlnand interpreter  ap}~mach
has lmlI ))rovcn successful OII UIIIIIaIIIId mlmtic
sllacccl  aft SUCII as (~alilcc)  [8). ‘J’IIc  t(IlcIolIot  al)-

])licatioll  is difl<’rcIit  fro)n t}[c s]]acmraft  a])]) licii-
tioIlt)ut  tliesyst[’lllr  t’(]llilcllleIitsal  c~silllilal.  lrar-
ic)l}sas])ccts  [) ftllc A40\l’J}S s~st~]l~ll  ii\’ef~l]\  Cti~)llal
equivalents  to sl)acecraft  ccjlltrol  systcIIIs.  lJtiliz-
iIIg the colnlnalld  interpreter  a.p])macll,  hJ()’J’l;S
lIas l)ceII  (Icsif,llc(l suclI that wiclI IIIodule i s  da t a
driven.  A  colnlna.lld  t o  a IIIodulc is  a  ])aralllc-
tcr set dcscIibill~ the desired lwhavior  for tliat
IIlo(lulc. ‘J’lIc arcllitcctuw for trajccto]y  ~,cIIcla-
tioIl and coIltrol is fixed l~ut dcsigrd  toprol’idea
ScIIcral coIItIol  ca~jal)ility. I’uture vcrsio]ls  oftllc
COIJIIIIa  IId illterprdcr lIlay  Cllcolj)olatc addi t ional
lallp;uap,c features.

‘J’IIc  M()’I’lIX IeIIIOtC  site telmolmtics task
systeIII s~l])])c)]tss~l])c]l~isc(l  auto]lo]lly, slIa Id col I-

tro], aIId tflcw])eratio]i o f  sljace ]olmts [ ’ / ] ,  })ut
oIIly tlt(’ su])crvisd  autollcjlny  ca])ahility i s  used
f o r  g; IOIIIId cmIltrol  a})])licatiolis.  h!()’lllX  is iln-
])lcIIIQIIt.cd  ill tile J ] ’ ] ,  Su})ervisory  ‘Jklcrohotics
(S’J’lI;I,II;I{)  lal,oratory initially for col Itlol  of a
7 l)olI” lcdulldallt  arlll l)ut w i t h  ])lanllul cxtclI-
siolls  ffJI  dual -arll) coo}) crativc  cc]]ltrol.  (;al)al)i]ity
i s  lIlaxi Illi7,cd  l)y l)rovidilig  sil[lultallcous colltm]
l)asd 11])011  various real and virtual scIIsors.  ‘J’IIc
]wrIIlutatiolls  of tlie Iw]laviols of tllc various coil  -
tml  lII(Idulm  l)mvi(lcs tllc wide ralIgc of capahili-
tim o f  tll(’ systeln.  ‘J’IIc  (lcsirc(l  lwhavior  c)f well
II 1()(1  IIIc  is  s])ccifid  hy coInl IIa IIds fmlll  tlIc local
site wr}lic]l  arc issuwl l)y tllc re~liotc  site collllnalld
illtel-jlmtcr.

‘1’IIc  h40rJ’1’;S  s.ysteIn  architcctureis  SIIOWJI  ill
l’igurc ?. ‘J’lIQ functionality  o f  hlo’J’l;S i s  silni-
lar to tlIc l’liln  level  of the NASRl)hf  alcliitecturc
[9]. ‘J’llis  level  of a tclerol,ot  systc*n  p;mlcratcs  dy -
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l’i/,ure2:  h40’J’l;S  functional dia~ialll

IItilllic  IIlotiol]  COIIITna  IId S froln a static  dcscri])tioll
of tllc dwsird  I)cllavio].  h!()’J’lX ]jlo~’ides  all task
lPVC1 coIIt Iol aIId task tc)act~latc)r s])acclllzi})])  illg.
‘J’11(’  NI()’I’II;S  II Iodulc tyl)cs  clesclii)c(l{l)elc)~v  were
wlccle(l l)pCaUSC t,llc}~ rc])rcscllt  difl”crellt  fullctioll-
alitics \vitllill  tlIe coIlt  Ic)l s$ystcrn, [1’lir)c  IIlay IIc
IIlulti])lc  II IO CIIIICS of tlke salllc ty])ej for c~xaln])lc
fol”c[’, t(’lc[)])(’J’:lt.jc)ll , and collisiml  avoi(lallcc  ml I-
trol Inodulcs.

‘J’IIc SIIitrCd Memory h40cl~lle])rcJ\’i(lc’s  ac.-
C(’SS tO all Colllll)alld ]laJ’alllC!tCJ’S  and S~StCIll Sta-

tus iJlfoJlllatioll, ‘J’IIc ICkm.utjve  hfloclule  han-
dles cc)llllIlll]licatic)li  \vitll  tile local site systclll. lt
])lacc’s Jl17\\’ COIIIIIIa JId S j)lto i.lIc ‘J’ask (bnlnand
Qucllc  and lcturlls  s t a t u s  aIId data. ‘J’IIc  lnter-
])reter MOC]UIC controls t]IC trallsitic)]l  betww)l
Cxecutio]l  states l)y c}\ecki)l~ tllc s t a t u s  of t]lc
v a r i o u s  II IO(IU1(IS  all(l s})ecifyillg  tllc al)l)ropriatc
COI)IIIIa  IIrl S aIId }~a~alneters  to tllc v a r i o u s  lIlo(l-
111(,s via sllarc(l  II IeJIIOIy. ‘J’lIC hlonitc)r  hfloclulm
])rok’ide Illollitorj]lg  of the status of exmtitioIl for
l)Otll  iJlt Clldd  tclllli]latioIl co]lditjo]ls a]l(l ~ l J l i I l -

4
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teIIdc(l  f2rIc)I-  cc) Ilditio]ls. ‘J’hc SUsc)r Modules
})rovidc  sc]lsor-  data pmccssilIg.  ‘J’lIc ScIlscw  IIlorl-
ules can I cprcwllt  both real and virtual smlsors.
‘J’IIc (~onl,ro]  M o d u l e s  })rovidc  tlIc c.olltr-ol  as-
sociate(l  witli  tl[c  v a r i o u s  real and v i r t u a l  lnoticni

s o u r c e s .  l;ac.11 (kIItrol  lIIcJdule  gcILcratm a t a s k
space ]notioIl  colnmalld. ‘J’IIc  Fusion  Modu]e
lncrges the ]notion comlnancls of the various (;oII -

t r o l  ]IlodulQs  i]lto task  S])ace  nlotio]l co] Illna]Ids
for the lnanipulators  and other ])hysical  devices.
‘J’herJ’ask l.o Jc)int Map Mocl IIlc:III:II)s tlIc task
S]); ICC COII)IIIa IId of tllc l’usioll  h~odulc to tlIc actu-
ator s;mce  of tlIe pll.ysical  devices. ‘J’l Ic task s))ace
tc)joi]lt s] J:ice]lla})~)illg  foltll(”e xlc Ilclc(l taslis])acc
isdoneusillf;a  cc)IllJ)c)sit(:Jacol)ia]l  a]jproach [10]
using tllc lnctllod descril)cd in [11] .  ‘J’lIe  l)c:vice

l)rivtws  hloclulcs  corn? nurlicatc  wit}t the ])hysi-
cal (lcviccs to scII(l tllc actuator sl)acc COIIIIIIa  IId S
alId receilrc  status data, as well as ])crforln  coin -
])utatiolis  \v]liclI arc IIaldware  s})ccific..  It i s  as-
SUIIId t,]Iiit  t]Ic l)}lysical  dcviccs  IIave tllcir own
low ICW1 contro] to ilnplmncmt  tlIc actuator s])acc
coIm IIa IIds. ‘J’llc h4 ill tlIc va~ious lIcmcs o f  ll’i/;-
um 2 ilidicatcs  lnollitoring;  witlkill  tllc associiikd
1110(1111(%.

lIkclI IIIOCIUIC  intcrfi~ces  to the r e s t  of tlIc
systeIll  t h r o u g h sllarwl  III CIIl CIry wit]l s])(’cific(l

illl)ut  aIId o u t p u t  ])aralnctcrs  and fullctioIlality.
‘J’llis alknvs eaclI  Inodulc t o  l)c dcvclo])cd,  tested
aIId evolved illdc])elldclltly. ‘J’lIc  ]ndulcs  operate
asyllcllrollous]y wi th  rwi])cc.  t to caclI othm  Jvitll
tlIc lllterIjrctcr  rcs}jc)]lsil)lc  fo r  syjlchronizill~, tile
varir)lls)l)ofllllcs  ~’ialllc)(lificatic)ll  ofcolnlnand  alId
state ~J:iralllcters  ill slla.rc(l  lnmnory. h40dulcs 0 1 1
a e,iv{~~t ]K):IIt] Illay ruIl as  fast  as lmsiblc  or I)C
intmru])t  driven , cog) clock  drivcvl  to allow fixed
rate colll])utatioIts.

‘J’llcre  arc various tyl]cs of coin Inarids that
tllel;xeclltivc:call  lcccivc frc)lll  tlIc local sit~ sys-
tmn. Ck)IIIIIiaII(l ty}m IIlay iricludc  M o d u l e ,  111-
tcrru])t, l{cflex ‘J’al)le,  l+;xcwutiol[  Mode, lllitializc,
aIId II;lncrgcllc.y  StoJ).  Additio]lal coln]na]ld  tyl)cs,
e.g., (;allccl,  lna.y bc.added irl the future.

‘J’lIc  hlO’J’ll;S  systcr]l IIas b e e n  ilnl)lcrnclltd

iri t he  J]’], Su]mwisory ‘J’dcrobotics (S’J’14;I,IC;U)
la bcwatory  aIlcl controls a 7 1)(1}’ rdulldant  ma-
n i p u l a t o r .  hlo’J’lI;S  is written ill tllc Ada. ]}rt)-
gralnrnillg;  Iallguagc all(l  ru]ls irl a  VMI’; cllviroll-
IIlcllt  olI 6802?0  ]jrc)ccssors. ‘J’ho presmit  colIfigu-
latic)ll  utilizes  six ]Jmcessc)r  boards. Modularity
wasacllicwcl  l}y develo]~illg  various ll-IOd  UlCS which
could  I)c easily collfigurd  olltoclifl”klcIit  Ada tasks
rulirliIlg;  olk cliflk!relit  hc)ards, e.g.,  lnatll,  shard
IIlelrlory,  trajectory gmleratc)rs , form control) tclt:-
o])clat.io]l,  i]ll~)cdallce  c(luatio]l , fc)rwald kille]l]:it-
ics,  and illvcrsc killell~atics, ‘J’IIQ tasks IUII asylI -
clImlIollsly  froln eacl I other  witli sol IIr tasks  clock
driven alId ot]lcls rullrlillg;  co]ltiriuc)usly.  (k) II II III I-
niciitiol]  lwtwwll  Ada  tasks  utilizes ,#ol)al sllawd
II) CIIIOI”y  c’xc]usivc]y  cwccIJt  for aII Adti rendezvous
frolf] tile Mc)l)itor  task to tllc IIitmprcter  task to
sip,llal  tlIc arlil’dl of a IIeW  coInrrlalld.  ]Ioard lncrn -
ory ljetwcell  tasks arid task Irtelllol-y  l)etwccll  IIlo[l-
ulcs are laTIgua~,c  sup])oltcd  features  l)ut aIc IIOt
usul sirIcc  tlIcy wou]d rwluw rf’cc)Ilfif,(lra}}ility  o f
tllc systcln.  h!odule II~cInoIy is used M’lICII  a])pro
])liatc. ~’lIc glol]al  sllalwl lilc~rlloIy  colllrnurlica.
tioll  is ilnplclnclltd  v ia  Ada  gellcric  u]lits. ‘J)IIC

road  arid write u t i l i t i e s  })rovidcd  l)y tllc gel Ieric
units ])rovide  ]))otcctioll of the data,  c.:,., co]llplctc
IWO] ’(1 tl’allsfcls.

III tllr  currclit  illl]JlcrIlc!lltatic)ll,  all’paralIlcters
forolleslll)ttiskalcscllt”  Iop,ctllerirl  ollccolnmalld
I}lock. ‘J’hccolllrnarld  typcisf,ivcn  asa])aralncter
so tliat tile l;xecutivc  and lr~tcrJ)lctel  kIIow hcw to
])1-OCCSS tile COIIIIIIa  IId ])alalnetc:rs. ‘J’]Ius data for
all II)o(lulcs  are l)laced topytllcr  ill OIIC colnlnalld
arid arc tlicll  ])arsd out l)y tile lr}tcr])rctcr, ‘J1hc
dcsti]lilti  Oll queue ])aralnctcr  spc’cifics  w]lich colll  -
IIlarld  queue to])]acc  tllc colnltlalld ill, cog., Rdlm
Co]rl]lla]ld Qucumor’J%k (k)ln]nand  Queue.

4 .  (:c)llclllsio]ls

A  l)lototyj)e  ]ocal-l”eInotc tc]cro~)c)t  co]ltrol
syste]tl  IIas lmII dc~sc Iil)d. Safdy aIId stal)ility
j) IolIlcII~s associatd  \\rit?l cc)Illrllltllicatic)ll  ti)ncdc-
l a y  aIe accounted  for tllroup,h tllc usc of supu-
visd autollc)]lly  !v]lcre coIIITnarlds  ar]d sequc]lces
o f  colnriiallds  are gcllcratd  arid vcrifid  at tllclc)-
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cal site before king  tclclnctcmd  to th~ rcmok site
for auto]  mncms cwecutio)). ‘J’lIc rcvnotc  site task
execution system ])rc)vi(lcs  alvi{lcr  allgcc)fca])al~il-
ities with flight qualifia.hle  software by prcn’iding
lnulti])le  silnultancous  Ccjlltrol  Iwhavio]s  specified
thr-mg,h  ccnn~nalld  ]Jaralll[>tcrizatic))l.

‘J’hcrcswrrc.h dcscrihcxl  ili tllis])a])er~t’ascar-
rid o u t  I)y tlIc Jet l’ro])ulsic)li  IJalmratc)ry,  ~al-
iforllia  ]nstitutc  of ‘J’ech IIcJogy,  ulldcr a cmltract
\vitll  tllc hTati(J1lal  Acrollauticx  aIId $i~)ace Adlni]l-
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